Model reference adaptive control is one of the useful control schemes which overcome model uncertainty. In conventional adaptive control methods, reference models are designed in advance. However, reference models should be re-designed depending on characteristics of controlled objects. Therefore, in this paper, we propose an adaptive I-PD control system with variable reference model and show the effectiveness by the numerical example.
Introduction
Although various control schemes are studied, in the industrial world, the PID control has still accounted for the 80 percent or more (1) . As the reason, the structure of PID control is simple and easy to understand intuitively. As parameter tuning method, Ziegler-Nichols method (2) , C-H-R method (3) , partial model matching method (4) , and so on are
proposed. In partial model matching method, PID parameters and reference model are calculated based upon partial knowledge about control objects. However, in cases where we have limited information about control objects or there are characteristic changes, we cannot get enough controlled performance. To overcome this difficulty, we propose an adaptive control system which changes not only PID parameters but also reference model.
Problem Statement
Consider a Single-Input/Single-Output system in Fig. 1 
Partial Model Matching Method

Denominator Series Expression
In partial model matching method by Kitamori, transfer functions of controlled objects are denoted by denominator series expression. 
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where  is a time-scaling parameter and i  are parameters to adjust the damping characteristics of designed system.
Controller Design
I-PD Controller based on partial model matching method in 
Adaptive I-PD Control System
The tracking error ()
where 
Using the normalizing signal () Nt and dead zone, the control parameters ˆ( ) t  and ˆ( ) lt are updated by
where
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Variable Reference Model
Using asymptotic stabile polynomial, we can get parametric form as
where Fig. 2 . I-PD control system. Fig. 1 . Control system. 
When we define an identification error as 
Conclusions
In this paper, we propose an adaptive I-PD control scheme with variable reference model. The effectiveness of proposed method is confirmed by comparing controlled performance using IAE and ISE. 
